
Chapter Two: Introduction to material properties of steel 

STRUCTURAL STEEL PROPERTIES 

The typical stress-strain relationship of the structural steel is as follows: 

Steel is composed of about 98% of iron with the main alloying elements carbon, 

silicon and manganese. The rules in EN 1993-1-1 relate to structural steel 

grades S235, S275, S355 and S450 and thus cover all the structural steels likely 

to be used in buildings.  

The stress–strain curves for the four grades of steel are shown in Figure below, 

and these are the basis for the design methods used for steel. Initially, the steel 

has a linear stress– strain curve whose slope is the Young’s modulus, E. The 

limit of the linear elastic behavior is yield stress fy and the corresponding yield 

strain εy = fy/E. Elastic design is kept within the elastic region, and because 

steel is almost perfectly elastic, design can be based on elastic theory. 



 

Structural Steel Properties 

 



 

Structural Steel Sections (Shapes) 

1- Hot- Rolled and formed sections 

Rolled and formed sections are produced in steel mills from steel blooms, beam 
blanks or coils by passing them through a series of rollers. The more commonly 
used hot-rolled sections are shown in Figure below, and their principal 
properties and uses are discussed briefly as follows: 
 

1. Universal Beams: These are very efficient sections for resisting bending 
moment about the major axis. 

2. Universal Columns: These are sections produced primarily to resist 
axial load with a high radius of gyration about the minor axis to prevent 
buckling in that plane. 

3. Channels: These are used for beams, bracing members, truss members 
and compound members. 

4. Equal and unequal angles: These are used for bracing members, truss 
members and for purlins, side and sheeting rails. 

5. Structural tees: The sections shown are produced by cutting a universal 
beam or column into two parts. Tees are used for truss members, ties and 
light beams. 

6. Circular, square and rectangular hollow sections: These are mostly 
produced from hot-rolled coils and may be hot finished or cold formed.  



 
 
 
 
 
 
 



1-1 Compound sections 

Compound sections are formed by the following means (Figure below): 

1- Strengthening a rolled section such as a universal beam by welding on 
cover plates, as shown. 

2- Combining two separate rolled sections, as in the case of the crane 
girder: The two members carry loads from separate directions. 

3- Connecting two members together to form a strong combined member: 
Examples are the laced and battened members. 
 
 

 

1-2 Built-up sections 

Built-up sections are made by welding plates together to form I, H or box 
members that are termed plate girders, built-up columns, box girders or 
columns, respectively. These members are used where heavy loads have to be 
carried and in the case of plate and box girders where long spans may be 
required. Examples of built-up sections are shown. 



 

2- Cold-rolled open sections 

Thin steel plates can be formed into a wide range of sections by cold rolling. 
The most important uses for cold-rolled open sections in steel structures are 
for purlins, side and sheeting rails. Three common sections – the zed, sigma 
and lipped channel are shown.  
 

 

The most important normative references on design are provided as follows: 

 


